Possible scenarios of the Aral Sea crisis solution are discussed, and a new scenario is proposed. Previous scenarios have provided for the transfer of water from Siberian Rivers to Central Asia and the restriction of unsustainable expansion of irrigation in this region. The scenario proposed in this paper is partly based on the use of Caspian water evaporators located on the eastern coast of the Caspian Sea. Engineering realization of this scenario needs only the construction of the drainage system for the runoff of Caspian waters to the natural evaporators, between which Kara-Bogaz-Gol is the functioning evaporator. This paper shows that realization of this scenario allows the rescue of the Aral Sea and normalization of the water balance in Central Asia. Under this, as the simulation modeling results show, there exist different versions of the scenario depending on the area of evaporators and restrictions for the runoff of Amu Darya and Syr Darya waters to the irrigation systems. Calculation results show that the Aral Sea could be restored within 90-240 years depending on the scenario versions. With only Kara-Bogaz-Gol as the evaporator, the Aral Sea cannot be restored within a century. Additionally, if the anthropogenic runoff of river waters was decreased by 10 percent, the Aral Sea would be restored over about 90 years. Possible versions of the recovery scenario are discussed and assessed.
Introduction
The water balance of Central Asia is widely discussed by many authors and is studied in different institutes, such as the Central Asian Institute for Applied Geosciences, the Faculty of Geography in the Moscow State University, the Department of Geography in the Western Michigan University, etc. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The present state of the Aral Sea reflects the catastrophic processes in the Central Asia water balance which are connected with both global climate change and anthropogenic processes, such as the realization of the Kara-Kum Channel Project and damming the water outflow from the Caspian Sea to the Kara-Bogaz-Gol Bay [10, [13] [14] [15] [16] [17] .
The state of the Aral Sea provokes the anxiety of governments of Central Asia and neighboring countries. In actuality, the Aral Sea drying can significantly impact the regional climate, as well as having an influence on the global climate [18, 19] . A major problem of confronting countries in Central Asia is the redistribution of water resources and optimization of their usage [20, 21] . This problem has arisen because of the diversion of the Amu Darya and Syr Darya rivers for agricultural purposes and energy production. Unfortunately, this action was initially realized without a scientific environmental with river inflow [34] . The hydrological history of some components of the Aral Sea Basin is shown in Table 1 [3, 12, 32] . A more detailed analysis of historical data shows that the Aral Sea level was changed by 2-3 m relatively, its absolute level of about 59 m above sea level. Hydro-meteorological conditions of Central Asia until 1960 provided enough stability to the Aral Sea level changes. After 1960, population growth in Central Asia republics of Former Soviet Union was the main cause of expansion of irrigation systems and construction of additional water reservoirs. During the next years after 1960, the irrigated area was increased by practically two times, from 4 billion ha to 8 billion ha. All these actions were realized at the expense of the Syr Darya and Amu Darya rivers. The first consequence of reduced river runoff to the Aral Sea was a decrease of its level by about 0.2 m/year from 1961 to 1970. The enormous situation with water use in Central Asia was continued in the 1970s, when only 17 km 3 /year of river water was reaching the Aral Sea. The 1980s aggravated the situation. In this period, anthropogenic actions such as the construction of a dam between the Caspian Sea and Kara-Bogaz-Gol and the broadening of irrigation systems, gave only about 4 km 3 /year of average water discharge [35, 36] .
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•
Thereby, understanding the Aral Sea evolution is possible through formal description of its hydrologic budget, taking into consideration the main water flows in the Central Asian region. Existing detailed descriptions of the water balance components in the Aral Sea Basin, as it was analyzed by Micklin [9] , allow the realistic means for substantially increasing inflow to the Aral Sea Basin; •
Reducing the use of the Amy Darya and Syr Darya Rivers water for irrigation in the drainage basin; • Elaboration and adoption of economic policies and emerging technologies for improvement and renovation of irrigation systems in all independent republics of Central Asia.
To realize this scenario, it is necessary to have a long-term collaborative agreement among the five countries of Central Asia and it would be preferable if Afghanistan became a party to such an agreement. In actuality, inflow of Syr Darya and Amu Darya water resources to the Aral Sea would only be increased to a negligible extent during the nearest decades. Therefore, additional means are proposed through implementation of the evaporation/precipitation scenario (EPS):
• Create the hydrologic system for the Caspian Sea water evaporation, through additional utilization of the Kara-Bogaz-Gol and natural evaporators-hollows located on the eastern coast of the Caspian Sea; • Develop the simulation model of the Central Asia water cycle for the dynamic control of water flows and management of the evaporation processes; • Use the rainmaking technology (i.e., cloud seeding with, for example, silver iodide) for the increase of precipitation above the Aral Sea.
Additional evaporators of the Caspian water could be deployed in numerous hollows such as, Kultuk (−27 m), Karagie (−132 m), Karyn-Zharyk (−75 m), Kaundy (−57 m), Kaidak (−31 m), Chagala Sor (−30 m), and Karin Arik (−70 m). These and other hollows on the eastern Caspian Sea coast are episodically flooded by rain waters, after the drying of which, salt marshes are formed. Artificially infilling these hollows with Caspian water could additionally result in approximately 90 km 3 /year of evaporated water, that can partly arrive at the Aral Sea zone. Under this, the Kara-Bogaz-Gol, as a natural evaporator, having an area of about 18,000 km 2 , provides no less than 18.8 km 3 /year of evaporated water, when 21.6 ± 3.1 km 3 /year is delivered to the Kara-Bogaz-Gol from the Caspian Sea. There exist other ideas as to how collected drainage waters could be delivered to the Aral Sea [17] . For example, water drainage waters can be collected in the Altyn Asyr Lake and can be forwarded to the Karashor Depression, located near the Sarykamysh Lake.
The Principal scheme of the EPS is represented in Figure 2 , where numerous water flow studies were detailed and evaluated [3, [7] [8] [9] 11, 12, 33, 40] . For example, basic flows, E 1 and E 6 , are assessed as 370.1 ± 19.3 km 3 /year and 69.4 ± 13.7 km 3 /year, respectively. Schematic representation of the water cycle of the Aral Sea zone can help to understand anomalous processes in this zone and to develop a sustainable strategy for this cycle control, taking into account earlier existing variations of the Caspian Sea level. Multiple satellite altimeter measurements deliver data pertinent to both the short term and decadal sea level variations, which would enable operative control of the EPS utilization and the fixation of the sea level trend.
Analysis of remote sensing data and of the peer-reviewed literature shows that the precipitation/evaporation relationship for the atmosphere/land cover system has a minor role in the water cycle of the Aral Sea Basin. Typical land cover includes grasslands, crops and deserts [41, 42] . Detailed classification of the land covers was realized within remote sensing measurements, specifically with the flying radiometric laboratory IL-18(Iliushin-18) of the Kotelnikov Institute of Radioengineering and Electronics of the Russian Academy of Sciences [2, 5, 43] . The measurements were obtained with microwave radiometry at wavelengths μ = 0.8, 1.35, 2.25, 3.4, 10, 18, 20, 21, 27 and 30 cm [4] . Really, about 864,000 km 2 of the Central Asia territory is sandy deserts. The total area covered with deserts of all types is 1,474,000 km 2 (41.8%). Deserts of Central Asia have their maximum in precipitation during the winter months, when evaporation is minimal. Saxaul forests cover 60,000 km 2 in Kazakhstan, 40,000 km 2 in Turkmenistan and 20,000 km 2 in Uzbekistan. Approximately 70% (2.8 × 10 6 km 2 ) of the total land area is classified as agricultural sector, including 2.5 × 10 6 km 2 of rangelands and 0.3 × 10 km 2 of croplands. In common cases, relative air humidity is significantly differed above the land covers (≈3%-6%) and water reservoirs (≈42%-54%) [44] .
The water losses from irrigation systems mainly divert to the ground waters or other reservoirs [23] . The largest consumers of Amu Darya and Syr Darya waters are Uzbekistan and Turkmenistan. Distribution of the country quotes for the water runoff of the Amu Darya and Syr Darya is as follows: Kazakhstan (0%, 38.1%), Kyrgystan (0.4%, 1.0%), Tajikistan (13.6%, 9.2%), Turkmenistan 43%, 0%) and Uzbekistan (43%, 51.7%). Non-optimal water utilization technologies, particularly in agriculture, have resulted in water losses that contribute to flooding and to the formation of new lakes. Remote sensing technologies enable operative control of these processes for their registration during longterm deployment of the EPS.
Evaporation/Precipitation Model (EPM)
The Aral Sea is functioning in the desert-continental climate under wide-ranging diurnal air temperatures, hot summers, cold winters, and sparse rainfall. Very small water sources exist for the revival of the sea. Really, the Amur Darya and Syr Darya, which earlier feed the Aral Sea, and precipitation are the primary water sources that could potentially revive the Aral Sea to its 1960 level [10] . The scheme in Figure 2 allows the balance equations for the main water cycle of Central Asia, so as to understand the extent of the devastation, to achieve partial rehabilitation of the Aral Sea, to advance towards regional hydrological sustainability and to maintain water security for the populations of the Central Asian countries. Negative changes in water volume of the Aral Sea can be Schematic representation of the water cycle of the Aral Sea zone can help to understand anomalous processes in this zone and to develop a sustainable strategy for this cycle control, taking into account earlier existing variations of the Caspian Sea level. Multiple satellite altimeter measurements deliver data pertinent to both the short term and decadal sea level variations, which would enable operative control of the EPS utilization and the fixation of the sea level trend.
Analysis of remote sensing data and of the peer-reviewed literature shows that the precipitation/evaporation relationship for the atmosphere/land cover system has a minor role in the water cycle of the Aral Sea Basin. Typical land cover includes grasslands, crops and deserts [41, 42] . Detailed classification of the land covers was realized within remote sensing measurements, specifically with the flying radiometric laboratory IL-18(Iliushin-18) of the Kotelnikov Institute of Radioengineering and Electronics of the Russian Academy of Sciences [2, 5, 43] . The measurements were obtained with microwave radiometry at wavelengths µ = 0.8, 1.35, 2.25, 3.4, 10, 18, 20, 21, 27 and 30 cm [4] . Really, about 864,000 km 2 of the Central Asia territory is sandy deserts. The total area covered with deserts of all types is 1,474,000 km 2 (41.8%). Deserts of Central Asia have their maximum in precipitation during the winter months, when evaporation is minimal. Saxaul forests cover 60,000 km 2 in Kazakhstan, 40,000 km 2 in Turkmenistan and 20,000 km 2 in Uzbekistan. Approximately 70% (2.8 × 10 6 km 2 ) of the total land area is classified as agricultural sector, including 2.5 × 10 6 km 2 of rangelands and 0.3 × 10 km 2 of croplands. In common cases, relative air humidity is significantly differed above the land covers (≈3%-6%) and water reservoirs (≈42%-54%) [44] .
The water losses from irrigation systems mainly divert to the ground waters or other reservoirs [23] . The largest consumers of Amu Darya and Syr Darya waters are Uzbekistan and Turkmenistan. Distribution of the country quotes for the water runoff of the Amu Darya and Syr Darya is as follows: Kazakhstan (0%, 38.1%), Kyrgystan (0.4%, 1.0%), Tajikistan (13.6%, 9.2%), Turkmenistan 43%, 0%) and Uzbekistan (43%, 51.7%). Non-optimal water utilization technologies, particularly in agriculture, have resulted in water losses that contribute to flooding and to the formation of new lakes. Remote sensing technologies enable operative control of these processes for their registration during long-term deployment of the EPS.
The Aral Sea is functioning in the desert-continental climate under wide-ranging diurnal air temperatures, hot summers, cold winters, and sparse rainfall. Very small water sources exist for the revival of the sea. Really, the Amur Darya and Syr Darya, which earlier feed the Aral Sea, and precipitation are the primary water sources that could potentially revive the Aral Sea to its 1960 level [10] . The scheme in Figure 2 allows the balance equations for the main water cycle of Central Asia, so as to understand the extent of the devastation, to achieve partial rehabilitation of the Aral Sea, to advance towards regional hydrological sustainability and to maintain water security for the populations of the Central Asian countries. Negative changes in water volume of the Aral Sea can be neutralized in the framework of optimal management of the existing water resources. Before 1960, river runoff played an important role in the variations of the Aral Sea water volume. In this case, precipitation in the sea zone has no determinative importance. Taking anthropogenic factors into consideration, the role of precipitation is to be revised by means of the analysis of the main water balance equations that are basic for the evaporation/precipitation model (EPM):
where, r C is the correction coefficient (≈0.065) reflecting the role of the Caspian Sea in the water balance of the Aral Sea, φ and λ are geographical coordinates
is the wind speed (km/day). Coefficient r C is calculated based on the minimal difference of modeling results from observed Aral Sea volumes. Balance equations for other water reservoirs have an analogous view, as in Equation (2). A computer realization of these equations is based on the division of the study area Ξ into discrete spatial elements (pixels) Ξ ij with area σ = ∆φ × ∆λ (km 2 ). The water flows in Figure 2 are described by the analytical, table and graphical functions [4, 16, 43, 45, 46] . A reconstruction of the sea surface area σ AS is realized by means of empirical equation:
where, W AS is the sea volume (km 3 ), q 1 = 137.84 (km) and q 2 = 0.0719 (km −1/2 ). The rainfall, P 6 , depends on the water flow, r C E 1 + E 2 + E 3 , that is a function of temperature and is stochastically changed during the year under the effects of the wind direction. Wind regime of the Aral Sea region is characterized by the recurrence of the north-east directions (≈30%). Integrally, the isobars are oriented from the north-east to the south-west during summer and from the north-west to the north-east during winter. A wind rise of the Aral Sea is formed depending on the climatic factors of Central Asia, where sand deserts play the main role. The Average wind speed was 4-6 m/s in the Caspian coastal zone with variations about 2 m/s, and it can reach 34-36 m/s in pre-mountain plains [47] [48] [49] . Figure 3 shows average wind raises for the Aral Sea region. Finally, Gaybullaev et al. [3] showed that precipitations, P 6 , in the Aral Sea zone during the last decades slowly and certainly fall with the following law:
where, t is the current year between 1956 and 2015. After 2015, precipitations are varied in the range of 2.2-2.4 km 3 /year. As it was observed, values of the evaporation, E 2 , from Kara-Bogaz-Gol and precipitation, P 6 , on Aral Sea area are subjected to the following dependency:
Dependencies (4) and (5) show that precipitations above the Aral Sea are falling and are occurring minimally during summer when evaporation from the Caspian Sea and Kara-Bogaz-Gol is maximal. This fact verifies the EPS algorithm for the increase of precipitations in the Aral Sea Basin involving additional evaporators of Caspian water and rainmaking technology. Dynamics of the Aral Sea water volume are described by the following equation:
Results and Discussion
Drastic changes of the water cycle in Central Asia after known anthropogenic actions seem impassable under existing economical and political systems taking place in five independent republics. Further, the Aral Sea ecosystem degradation will result in further deterioration of the human population's living conditions. Realization of the EPS necessitates their cooperation, including that of Iran. The EPM allows the evaluation of the EPS realization to partially restore the sea's hydrology along with its area stability. It is supposed that current and future climatic trends in the Aral Sea region conform to global climate change [18] . Wind fields in this region are represented in Figure 3 [1, 47, 50] . Drastic changes of the water cycle in Central Asia after known anthropogenic actions seem impassable under existing economical and political systems taking place in five independent republics. Further, the Aral Sea ecosystem degradation will result in further deterioration of the human population's living conditions. Realization of the EPS necessitates their cooperation, including that of Iran. The EPM allows the evaluation of the EPS realization to partially restore the sea's hydrology along with its area stability. It is supposed that current and future climatic trends in the Aral Sea region conform to global climate change [18] . Wind fields in this region are represented in Figure 3 Simulation experiments are realized for spatial resolution Δϕ = Δλ = 1/6° and temporal scale Δt = 1 day. Equations (1) and (2) are digitized according to these parameters. Boundary conditions for balance equations are evaluated on the base of existing meteorological and satellite data of Central Asia [28, 38, 49, 52] . The starting time for the EPS realization is t0 = 2020 when, WCS = 78,200,000 km 3 , WKBG = 15 km 3 , WNE = 75 km 3 , WSD = 38 km 3 , WAD = 79 km 3 , WAS = 42.6 km 3 , WOR = 150 km 3 , and WLS = 0.00011 km 3 .
It is accepted that evaporation/precipitation relations for principal water sources to the atmosphere humidity are fluctuated no more than 5% during the next decades and have average assessments, as represented in Table 2 . As it was shown by in-situ and remote sensing measurements, the land cover elements play a slight role in comparison with reservoirs in the water balance of Central Asia [4, 53, 54] . Land surface plays a certain role in the heavily populated areas where agricultural vegetation is prevailing. Total database of land covers in Central Asia was synthesized in a framework of remote sensing measurements by means of flying laboratory IL-18 of the Former Soviet Union [5, 55] . This laboratory was equipped by the radio-locators with synthetic aperture, microwave radiometers of different wavelengths, gravimetric and inertial devices, large-format and frame TV, aero-camera and other complementary devices. The land covers and reservoirs are classified with spatial resolution of 200-500 m, depending on the region.
Practically, water evaporated from agricultural irrigable areas does not arrive at the Aral Sea zone because of the wind rise. Therefore, simulation experiments show that atmosphere/land surface water balance outside irrigable areas is practically neutral.
The following EPS versions are considered: • EPS-1: Only Kara-Bogaz Gol is used as a natural evaporator. • EPS-2: Kara-Bogaz Gol and other natural evaporators are used. • EPS-3: In addition to EPS-2, the river water diversion is decreased by 5% and rainmaking technology is used. Simulation experiments are realized for spatial resolution ∆φ = ∆λ = 1/6 • and temporal scale ∆t = 1 day. Equations (1) and (2) are digitized according to these parameters. Boundary conditions for balance equations are evaluated on the base of existing meteorological and satellite data of Central Asia [28, 38, 49, 52] . The starting time for the EPS realization is t 0 = 2020 when, W CS = 78,200,000 km 3 , W KBG = 15 km 3 , W NE = 75 km 3 , W SD = 38 km 3 , W AD = 79 km 3 , W AS = 42.6 km 3 , W OR = 150 km 3 , and W LS = 0.00011 km 3 .
It is accepted that evaporation/precipitation relations for principal water sources to the atmosphere humidity are fluctuated no more than 5% during the next decades and have average assessments, as represented in Table 2 . As it was shown by in-situ and remote sensing measurements, the land cover elements play a slight role in comparison with reservoirs in the water balance of Central Asia [4, 53, 54] . Land surface plays a certain role in the heavily populated areas where agricultural vegetation is prevailing. Total database of land covers in Central Asia was synthesized in a framework of remote sensing measurements by means of flying laboratory IL-18 of the Former Soviet Union [5, 55] . This laboratory was equipped by the radio-locators with synthetic aperture, microwave radiometers of different wavelengths, gravimetric and inertial devices, large-format and frame TV, aero-camera and other complementary devices. The land covers and reservoirs are classified with spatial resolution of 200-500 m, depending on the region. Practically, water evaporated from agricultural irrigable areas does not arrive at the Aral Sea zone because of the wind rise. Therefore, simulation experiments show that atmosphere/land surface water balance outside irrigable areas is practically neutral.
The following EPS versions are considered:
• EPS-1: Only Kara-Bogaz Gol is used as a natural evaporator. • EPS-2: Kara-Bogaz Gol and other natural evaporators are used. • EPS-3: In addition to EPS-2, the river water diversion is decreased by 5% and rainmaking technology is used. • EPS-4: In addition to EPS-2, the river water diversion is decreased by 10% and rainmaking technology is used.
The precision of simulation results is mainly defined by the climate scenario. Existing scenarios of global climate change propose a wide range of average global temperature change. This problem and its connected discussions are not considered here. Following from Krapivin et al. [5] , the next climate change in the Central Asia scenario is accepted. Three climatic zones are marked out: mid-latitude desert, steppe and humid continental. During the last years from 1960, climate change in these zones has increased average annual temperatures in the range from 0.1 • C to 1.1 • C. It is supposed that this trend in change of the average annual temperature is preserved until 2150.
Finally, simulation results are given in Tables 3 and 4 , which show hydrological elements of the Aral Sea Basin in their dynamics after the EPS-4 realization. These results demonstrate the existence of an effective strategy for the management of the Central Asia water resources using the EPM manipulations and tools for the big data processing [56] .
Certainly, use of the EPS-4 has numerous restrictions and uncertainties. Nevertheless, 10 percent of river flow return is really realized taking into consideration that water losses in irrigation systems of Central Asia are about 50 percent. A quota of 10 percent equals 4.5 ± 0.2 km 3 /year. Water losses from irrigation systems lead to waterlogging and an increase of the level of ground waters. During the last two decades, the level of ground waters was increased from 3 m to 1.2-1.5 m in many regions of Central Asia [12, 35] . Table 4 . The Aral Sea recovery dynamics depending on the area of natural evaporators. Notation:
(1) EPS-2 is used and rainmaking with 90% efficiency, (2) EPS-3 is used with the rainmaking efficiency 90%, (3) EPS-4 is used with rainmaking efficiency 60%, (4) EPS-4 is used with rainmaking efficiency 90%.
Area of Evaporators, km 2 Years of the Aral Sea Recovery
Existing separate data shows that the Aral Sea area had been reduced to 78% of its 1960 size and water volume had decreased by about 90%. The most dangerous situation is formed in Central Asia, due to the increased salinity, by more than 12 times the salinity of sea water, which negatively impacts the fishery industry. The salinity of the Aral Sea increased from 10 g/L to 135g/L, depending on separated basins of the Aral Sea [11] . The Aral Sea prior to its modern desiccation had an average salinity around 10 g/L. As a result, the Aral Sea degradation leads to socio-economic and public health problems, taking into account increased sand-storms and desertification [36] . Present-day processes of free salts migration cause negative consequences for agriculture within the Central Asian countries. Remote sensing tools, such as the IL-18 laboratory, can provide regular monitoring of land covers with the assessments of their characteristics and delivering reliable information for decision making offices.
Realization of the EPS-4 gives perspective to partly restore the Aral Sea within this century. Detailed analysis of simulation experiments allows the assessment of different components of the Central Asia water cycle and the understanding of the role of each country in water cycle stabilization. As it follows from Tables 3 and 4 , the Aral Sea recovery can be realized under conditions which are to be acceptable for all countries of Central Asia.
The recovery scenario proposed and partly analyzed in this paper opens the perspective to identify a solution to the Aral Sea problem and to overcome the existing contradictions between the governments of Central Asia concerning optimal and equitable management of water resources. Many experts propose different views on this problem-from optimistic to pessimistic [1, 3, 35] . An optimistic project is realized in Kazakhstan by means of Amu Darya riverbed management [9] .
In actuality, existing runoff of Amy Darya and Syr Darya to the Aral Sea is assessed by ≈11-13 km 3 /year when 43-47 km 3 of river waters are taken away for irrigation (92%), industry (4.3%) and population use (4.4%). The EPS-4 provides for the increase of up to 20 km 3 /year of river runoff to the Aral Sea, together with additional evaporation of the Caspian water and deployment of rainmaking technology, such as cloud seeding with, for example, silver iodide, potassium iodide, frozen carbon dioxide, or liquid propane. In this case, precipitation in the Aral Sea Basin can potentially increase to ≈1500-2000 mm/year, depending on the climatic situation under evaporation of ≈900-1000 mm/year. The result of the EPS-4 utilization is a function of many uncertain environmental conditions, such as climate change, strategies of the independent republics in the water use, population growth and the river runoffs to the Caspian Sea.
The Aral Sea crisis is to be solved at the expense of a complex approach to the sustainable development of the Central Asian region, taking into consideration an array of scientific, social and ecological aspects. It is evident that the following actions are to be initiated: Preliminary analysis of the Central Asia water cycle shows that there exist reserves for the improvement of the ecological situation and for ultimate initiation of the Aral Sea recovery process. Existing reservoirs such as Sarykamysh Lake (≈5000 km 2 ), geographically located between the Caspian Sea and the Aral Sea, can be water sources for the Aral Sea. Lake Balkhash (16,400 km 2 ) can also be considered as an important element of the Aral Sea water balance. Certainly, realization of these actions requires the adequate capital investments and scientific efforts to optimize this process. Principally, global ecoinformatics proposes tools for the solution of such environmental tasks [5, 16, [57] [58] [59] . Realization of the EPS-4 is possible in the framework of the UN Program, when it is possible to focus scientific efforts on the synthesis of global water cycle models, in the framework of which EPM can be used as a sub-block. In this case, the optimal strategy for Central Asia water balance can be defined and realistic monitoring procedures can be identified. Only in this case, social and economic stresses existing in practically all countries of Central Asia will find a solution and human vulnerability will be reduced. Undoubtedly, reliability of these results depends on regional climate change scenarios [18] . Therefore, it will be created in such a manner that information-modeling technology would combine operative monitoring data with the water balance model and with assumptions of timely decision making, to correct regional changes in the agricultural and social strategies.
Certainly, the reliability level of modeling results is an important aspect of the results shown in Tables 3 and 4 . Table 5 gives some characteristics for the EPM precision level. Average deviation of the EPM results from the observed volume of the Aral Sea equals 8.3%. The EPM precision can be considered as consistent with the reliable description of the Aral Sea hydrological regime. As it follows from Table 5 , the EPM can be considered as a tool for primary assessment of different scenarios for the Aral Sea water balance management. It is evident that practical EPM use needs additional development. The results of Table 3 show that separated water bodies of the Aral Sea, existing at the present time, will be merged after 35-40 years of EPS-4 realization. It shows that a principal solution of the Aral Sea problem exists, and its volume of the 1960 s can be reached during visible time. Versions of the Evaporation/Precipitation Scenario, considered here, will help to form the recovery strategy [6, 12] .
Overcoming the Aral Sea crisis needs preliminary solutions of socio-economic problems existing in Central Asia, which at the present time is a barrier for the constructive consideration of alternative plans. Many publications propose different methods to search for the solution to the Central Asia water problem, including scenarios and models [5, 6, 16, 42, 51] . It is evident that the Aral Sea does not exist in isolation from the Caspian and Black Seas, and the Don and Volga Rivers. Therefore, these water resources are to be taken into consideration under the improvement of the method considered in this paper.
Conclusions
Water resources play a key role in the economies of the five Central Asian countries. The Central Asia Climate Change Conference in partnership with the World Bank (24-25 January 2018, Almaty, Kazakhstan) again poses the question, "what is the extent of the water crisis in Central Asia and what are the possible solutions for the communities living in those areas?" The answer to which is possible with the attraction and development of new information-modeling technologies [5, 40] . This paper proposes one of the possible approaches to this purpose.
The mathematical model of Equations (1)-(6) takes into account the different elements of the Central Asia water cycle, including glaciers, rivers and Caspian Sea water flow to the Kara-Bogaz-Gol. Simulation results represented in this paper provide a platform for the discussion of possible approaches to the solution of Central Asia water problems. It is evident that the Aral Sea crisis is a local problem of Central Asia. The hydrological restoration of the Aral Sea to a previous higher water level can be realized by means of coupled consideration of the Central Asia water cycle model and a global climate model. Undoubtedly, any global climate model needs additional information and, as a rule, needs to introduce elements of information uncertainties and instabilities. Therefore, this study uses a simple climate model by Mintzer [61] that reduces a considerable uncertainty.
The governments of Central Asia have begun to intensively discuss a possible joint program for the revision of existing strategies for the optimization of the restricted water resources. A perfection of the water control technologies can be realized by means of using existing information-modeling tools [5] . Using the Equations (1)-(6) model simulations shows that a principal solution for the Aral Sea problem exists. The model verification is realized by a comparison of historical data about the Aral Sea volume dynamics and modeling results during 1957-2018, which shows that the model error is no more 15 percent (see Table 5 ), depending on the variations of the historical data. Certainly, this precision can be improved when the EPM is used together with more detailed descriptions of topographic and ecological parameters of the Aral Sea Basin. It can be realized in the framework of the UN initiative on overcoming the water crisis in Central Asia [62] .
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